Titanium dioxide (Aeroxide® TiO2 P25) was sourced by Evonik. Hydrogen hexachloroplatinate(IV) hydrate (≥ 99.9% free of trace metals), hydrogen tetrachloroaurate(III) trihydrate (≥ 99.9% free of trace metals), silver nitrate (> 99%), copper(II) nitrate hemi(pentahydrate) (98%) and acetic acid (≥ 99.8%) were supplied by Sigma-Aldrich and used as received. Methanol (reagent grade, ≥ 99.9%) was supplied by Scharlau and used as received. Ultra-pure water was obtained using a Milli-Q® purification system. Argon (≥ 99.995%) and synthetic air (79% N 2 , 21% O 2 ) were supplied by Abelló Linde.
S3

Photocatalyst characterisations
Metallic contents were determined by inductively coupled plasma (ICP) analyses performed on a Varian 715-ES ICP Optical Emission Spectrometer after dissolution of the samples in aqueous HF/HNO 3 /HCl (1:1:3) mixtures. In the case of silver, ICP did not provide satisfactory results due to the formation of precipitates or deposits during dissolution, and therefore, elemental analyses were performed by means of field emission scanning electron microscopy coupled to energy dispersive X-ray spectroscopy (FESEM-EDX) on a JEOL 7001F microscope equipped with an Oxford Instruments detector, after depositing a layer of powdered sample on carbon tape; elemental percentages were averaged over a number of measurements on different areas of the specimen. X-ray diffraction (XRD) measurements were performed by means of a PANalytical Cubix'Pro diffractometer equipped with an X'Celerator detector and automatic divergence and reception slits using Cu-K α radiation (0.154056 nm). The mean size of the ordered (crystalline) domains (ø) was estimated using the Scherrer equation. Transmission electron microscopy (TEM) images were taken on JEOL 2100F microscope operating at 200 kV both in high-resolution transmission (HRTEM) and scanning-transmission (STEM) modes, coupled with an Inca Energy TEM 200 (Oxford) energy dispersive X-ray (EDX) spectroscope for elemental analyses. STEM images were obtained using a High Angle Annular Dark Field (HAADF) detector, which allows Z-contrast imaging. Samples were deposited on carbon-coated nickel grids. The sizes of metal co-catalyst nanoparticles and standard deviations were calculated by determining diameters for a minimum of forty particles in STEM images by using the Image J software. UV-vis absorption spectra were recorded by diffuse reflectance UV-vis (DRUV-vis) spectroscopy on a Varian Cary 5000 UV-Vis-NIR Spectrophotometer. X-ray photoelectron spectroscopy (XPS) data were collected on a SPECS spectrometer equipped with a 150-MCD-9 detector and using a non-monochromatic Al-K α (1486.6 eV) X-ray source. Spectra were recorded at room temperature, using an analyser pass energy of 30 eV, an X-ray power of 50 W and under an operating pressure of 10 −9 mbar. During data processing of the XPS spectra, binding energy (BE) values were referenced to the C1s signal (284.5 eV). Spectra treatment was performed using the CASA software.
S4
Photocatalytic reactions
S4.1 Conventional procedure. In a typical experiment, the photocatalyst powder (25 mg) was suspended in a CH 3 COOH/H 2 O mixture (1:1 by volume, 25 mL) by sonication for 10 min. The resulting suspension was then transferred to a cylindrical quartz reactor (see details in Section S2). The cell was evacuated under vacuum (≈ 10 mbar, 2 min) and then purged with argon (pressurising up to 2 bar and depressurising for five cycles), and finally loaded with argon (1.5 bar). The suspension was stirred (500 min −1 ) and irradiated using a solar simulator (ThermoOriel 91192-1000, equipped with a 1000 W Xe lamp and an AM1.5G filter to simulate the spectrum of sunlight; irradiance≈ 1.0 kW m −2 ). S4.4 Redox cycling procedure. In order to study the effect of the oxidation state of copper on the selectivity of the solar photocatalytic transformation of aqueous acetic acid, redox cycling experiments were performed by photoreduction under UV-vis irradiation or deliberate oxidation under air, as detailed herein. The initial cycle (#ox1) was performed as for the conventional procedure described above, using Cu(3%)/TiO 2 (25.0 mg, comprising mainly oxidised copper species as the co-catalyst, see main text for discussion), and a CH 3 COOH/H 2 O mixture (1:1 by volume, 25 mL), under simulated sunlight irradiation (AM1.5G, irradiance≈ 1.0 kW m −2 ) for 3 h. The second cycle (#red1) was performed after a photoreduction treatment of the reaction suspension by evacuating the gaseous headspace of the cell (≈ 10 mbar, 5 min), refilling with Ar (1.5 bar) and irradiating the suspension under UV-vis (Hg lamp, 125 W, irradiance ≈ 1.5 kW m −2 ) for 3 h, whereby the suspension turned into a bright purple-pink colour. Then, the solar irradiation process was carried out as detailed above during the #ox1 cycle. The third cycle (#ox2) was done after deliberate oxidation under synthetic air flow (bubbling at 5 mL min −1 , 1 h), until the purple-pink colour of the suspension faded to off-white. Then, the solar irradiation process was carried out as for the previous cycles. The final cycle (#red2) was carried out after another photoreduction procedure identical to that used before the #red1 cycle, also resulting in a bright purple-pink suspension.
Images of the suspensions, and related results of the photocatalytic reactions are displayed in Fig. 4 . The identified diffraction peaks for metallic copper (face-centred cubic lattice, fcc) are marked by dotted grey lines, and the corresponding planes indicated above them. In any case were diffractions for copper oxide phases observable. In the case of Cu(1%)/TiO 2 , neither were Cu(0) diffractions apparent. In contrast, Cu(0) signals could be clearly seen for the materials with higher copper content. For Cu(3%)/TiO 2 , these were too weak, but in the case of Cu(10%)/TiO 2 , they were strong enough to allow estimation of the particle size according to the Scherrer equation, yielding a value of ca. 33 nm. Diffraction peaks corresponding to TiO 2 were identified both for anatase (squares) and rutile (circles) phases. probability/% ø/nm surface-averaged probability particle count probability particles, yet not the copper domains, probably due to their small size and the blunt contrast between Cu and Ti. STEM images at high magnification (× 4 10 6 and × 1.2 10 6 , c and e, respectively) showing the presence of small copper particles (marked by arrows in e); EDX spectra (d) acquired from the points marked in (c) confirmed that the smaller (< 6 nm) particles are mainly formed by copper, whereas the larger TiO 2 particles contain negligible amounts of such metal. The particle distribution histogram is represented as histograms both for particle number and surface-averaged probability (f).
Fig. S3
DRUV-vis spectra of Cu(X%)/TiO 2 (X = 1, 3 or 10) photocatalysts. The intensity for the sample with lower copper loading (X = 1) was increased five-fold (dotted line) in order to clearly observe the weak broad band above 550 nm. This band is significantly more intense for Cu(3%)/TiO 2 , whereas the signal corresponding to the localised surface plasmon resonance of Cu (0) nanoparticles (574 nm) is only clearly visible for Cu(10%)/TiO 2 . spot in c and red spectrum in d). The particle distribution histogram is represented as histograms both for particle number and surface-averaged probability (f). Overlaying elemental mapping obtained from EDX data (green, Cu; red, Ti; blue, O; d) for the site shown in (c) proved that large copper particles (up to ≈ 40 nm, an example marked inside a dotted circle) were also present in the material in addition to the clearly visible smaller ones (for example, in e). The particle distribution histogram is represented as histograms both for particle number and surface-averaged probability (f). 
